This article provides new data on a controversial issue, the influence of doses on the diffusion characteristics of 2 botulinum toxins type A.
one brand; others use 2 or more different products in their clinical practices according to their experiences and preferences. The establishment of the best dose equivalence between the products is of great relevance in clinical practice, and this has been the subject of many discussions in publications and meetings. 1, 2 The fields of muscle and anhidrotic effect of botulinum toxin type A, also called by some authors "diffusion halos," are the best expression of the relevant clinical effects of the toxins. They can be objectively measured to identify product characteristics. A recent study 3 showed that abobotulinumtoxinA (Dysport; Ipsen) and onabotulinumtoxinA (Botox; Allergan) had similar fields of effect (FE [diffusion] ) in muscles and sweat glands at a dose equivalence of 2.0:1.0 labeled units (abobotulinumtoxinA to onabotulinumtoxinA) and showed significantly greater diameters and areas of the fields of anhidrotic effect (FAE) for abobotulinumtoxinA compared with onabotulinumtoxinA at a dose equivalence of 2.5:1.0 labeled units (abobotulinumtoxinA to onabotulinumtoxinA). Even though these ratios showed significant differences in the sizes of the FAE, the FAE from the highest ratio was considered clinically irrelevant because it was less than 2 mm and the interindividual variations were more than 4 times greater. Although some authors 4 consider abobotulinumtoxinA as having greater diffusion than onabotulinumtoxinA, there are reports 3, 5 that both preparations have similar diffusion when equipotent doses are used. This implies that there are really no meaningful differences in the diffusion of the products; in fact, the only differences were the doses used in previous diffusion difference studies.
Other studies 3, 6 showed strong evidence that dose is the most important factor for botulinum toxin type A products because the FE (or diffusion) is dose dependent, and the usual volumes used in the reconstitution of the products (eg, 1-4 mL) are not important in the diffusion halos. From the patients' perspective, other factors (eg, muscle mass, area of the injections, intensity of the sweating, and individual characteristics, perhaps related to the number of neuromuscular junctions and level of acetylcholine discharge to be blocked) can affect the size of the FE or diffusion halos. The aim of the present study was to assess the FE/diffusion characteristics of abobotulinumtoxinA and onabotulinumtoxinA at the same dose (1:1 labeled unit equivalence) regarding muscle and sweat gland activities.
Methods

Study Design and Participants
This was a prospective, single-center, randomized, doubleblind study. All participants were recruited from a research center in Porto Alegre, Brazil, and provided written informed consent. This study was approved by the local ethics committee of Associação Hospitalar Moinhos de Vento, and all Good Clinical Practice standards, Declaration of Helsinki protocols, and national regulations were maintained. The main inclusion criteria were women aged 18 to 60 years, presence of moderate to severe forehead wrinkles on both sides at the maximum contraction of the frontalis muscle according to the Wrinkle Severity Scale 3 (WSS), positive sweating according to the Minor Test, 7 and scores from III to V on the Sweat Intensity Visual Scale. 8 
Assessments
Three evaluations were performed: baseline, visit 1 (injection), and visit 2 (28 days after the procedure). Clinical assessments included the 4-point validated scale for forehead (WSS) at rest and at maximum frontalis activity. Photographic assessments also were performed at baseline and at 28 days and evaluated by one independent investigator to determine a WSS. Adverse events were recorded after treatment at visits 1 and 2. The amplitude of the evoked compound muscle action potentials 9 (ECMAP) in the frontalis muscle on stimulation of the facial nerve was performed at baseline and visit 2 using surface electrodes on the forehead and electrical stimulation of the facial nerve according to standard neurophysiologic procedures. The amplitude of the ECMAP was performed by an experienced neurologist (F.T.R.) using an electromyography device (Teca Sapphire; Teca Corp). Photographic assessments included a standard set of 3 photographs of the forehead muscles: at rest and at maximum activity of the frontalis muscle and when the Minor test was performed. The horizontal and vertical diameters of the FAE were quantified using commercial software (Mirror-DPS 7.02; Canfield Scientific Inc) and are expressed in centimeters. The area of the FAE was calculated using the same software and was performed considering the perimeter of the FAEs, assuming that they were not perfect circles. The products were reconstituted using 0.9% sterile saline solution without preservative 5-20 minutes before administration. To obtain isovolumetric injections at a dose equivalence of 1:1 labeled units, products were reconstituted in the following manner. AbobotulinumtoxinA, 500 U per vial, was diluted in 2.5 mL, and 1 U was aspirated into each syringe. This dilution resulted in a concentration of 200 U/mL (2 U/0.01 mL) of the reconstituted product. The same volume (0.01 mL) of saline solution was then added to each syringe, resulting in a concentration of 2 U/0.02 mL. OnabotulinumtoxinA, 100 U per vial, was reconstituted with 1 mL of 0.9% saline, resulting in a concentration of 100 U/mL (2 U/0.02 mL) of the reconstituted product.
The injections were administered by a dermatologist (C.H.) experienced in the use of botulinum toxin type A at one point on each side of the forehead. The points were marked using a template created from a sheet of x-ray film to ensure that the location of the injection points was marked consistently from patient to patient. Standard isovolumetric injections (0.02 mL of each product) were administered using 0.3-mL syringes with a 29-gauge short needle, 0.5 cm in length (Ultra-Fine II; Becton Dickinson and Company), with the template positioned on the patient's forehead. Caps of the needles were cut to ensure that the products were injected at a standardized depth of 3 mm.
Patients were randomized to the side of the forehead (left or right) in which the products were administered. The ran-Copyright 2013 American Medical Association. All rights reserved. domization list was generated by a statistician, and commercial software was used (SPSS, version 16.0; SPSS Inc). Blinding was maintained for patients and investigators using identical syringes for the injections. These were identified by a code known only by the pharmacist (J.S.S.) in charge of the dilution of the products. During the study, the randomization list was kept in a sealed envelope.
Patients were sequentially assigned to 1 of 2 groups to receive isovolumetric (0.02 mL) doses of 2 U of abobotulinumtoxinA injected on one side of the forehead and 2 U of onabotulinumtoxinA injected on the contralateral side. Group A patients received 2 U/0.02 mL of reconstituted abobotulinumtoxinA on the right side of the forehead and 2 U/0.02 mL of reconstituted onabotulinumtoxinA on the left side. Group B patients received 2 U/0.02 mL of reconstituted abobotulinumtoxinA on the left side of the forehead and 2 U/0.02 mL of reconstituted onabotulinumtoxinA on the right side.
Statistical Analysis
Considering the results of a previous study, 3 which found a difference of 0.30 cm for the horizontal diameter and of 0.58 cm 2 for the area of the FAE, and defining a power of 80% and an α error of 5%, a sample size of 16 was obtained. However, 19 individuals were enrolled because a dropout rate of 15% was considered. Paired and unpaired t tests were used for analysis of continuous variables, and the χ 2 test was used for categorical variables. Other data are expressed as mean (SD), median (range), or percentage. The α error was considered to be significant at P < .05. Commercial software (SSPS, version 16.0) was used to analyze the data.
Results
Nineteen women were enrolled in this study between July 29, 2011, and October 14, 2011, and the last participant completed the study on November 11, 2011. There was 1 dropout, resulting in 18 patients completing the study. Mean age was 38.4 (10.2) years (range, 28-55 years), and all patients were white and reported no use of illicit drugs. The Fitzpatrick classification of 4 participants (22%) was II, 13 participants (72%) were Fitzpatrick III, and 1 participant (6%) was Fitzpatrick IV. Five women (28%) were currently smoking. Horizontal and vertical diameters and the area of the FAE were significantly larger for onabotulinumtoxinA than were those obtained for abobotulinumtoxinA 28 days after the procedure (P < .001) at the labeled doses used ( Table 1) . Table 2 reports the results for WSS and ECMAP at baseline and at 28 days for the 2 treatments. There were no statistically significant differences between the proportions of participants regarding WSS grading, both at rest and during maximum contraction, at baseline and at 28 days after the onabotulinumtoxinA or abobotulinumtoxinA injections, assessed at the visit and by photographs. In general, participants achieved reduction in wrinkles with the injected doses for both treatments ( Figure 1 at baseline and Figure 2 after 28 days). After 28 days, patients had lower WSS scores.
Both onabotulinumtoxinA and abobotulinumtoxinA significantly reduced ECMAP values at visit 2 when compared with baseline: 1079.11 (266.02) vs 165.39 (232.10) μV (P < .001) and 1108.17 (364.76) vs 202.89 (258.44) μV (P < .001). However, ECMAP values were not significantly different between the products.
Adverse events were related to injection technique and were mild and transitory. One participant (6%) presented with erythema at the injection sites (both sides) and 3 participants (17%) had minimal bleeding at the injection sites immediately after administration, all on the left side, with no significant differences between the products (2 on the abotulinumtoxinA-injected side and 1 on the onabotulinumtoxinA-injected side). One patient reported meniscus rupture, which hampered her from performing the Minor test, and data from this patient were excluded from the evaluation. This event was not related to the study procedures. There were no serious adverse events.
Discussion
This noncommercially sponsored study evaluated FAEs of 2 commercial preparations of botulinum toxin type A at an equivalence dose of 1:1 labeled units administered into the forehead. The FAEs of the tested products were evaluated by measuring the horizontal and vertical anhidrotic zone diameters, as well as the area surrounding the injection points, using the Minor test. The resultant zones were later analyzed using commercial software. The muscle activity in the injected areas was evaluated using the validated 4-point WSS 3 and ECMAP 9 by electromyography. Treatment with both products resulted in wrinkle improvement as assessed by the WSS and decrease in muscle activity by the ECMAP. No significant difference between the 2 products was observed when considering these 2 distinct end points and methods of measurement. However, FAEs evaluated using the Minor test at the 28-day follow-up were signifi- few years, many authors 3, 12, 13 suggested the dose equivalence between the products to be used in clinical practice is approximately 2.5:1.0 U (abobotulinumtoxinA to onabotulinumtoxinA) or even 2.0:1.0 U (abobotulinumtoxinA to onabotulinumtoxinA) as stated in many articles and supported by Dr D Hexsel. The dose equivalence of 1:1 labeled units is not recommended for clinical practice; nevertheless, the proposal for the present study was to examine treatment with equal labeled units to attempt to better explain each product's characteristics regarding potency and FAE characteristics. It has been demonstrated by different studies 2,4,14 that a higher diffusion or larger FAE of abobotulinumtoxinA occurs when using high equivalent doses, such as 3:1 labeled units (abobotulinumtoxinA to onabotulinumtoxinA) or more. One study 3 showed larger FE with 2.5:1 labeled unit equivalence and supports the equipotent and equivalent dose of these products at approximately 2:1 (abobotulinumtoxinA to onabotulinumtoxinA). Another study 9 showed the apparent real equivalence between abobotulinumtoxinA and onabotulinumtoxinA as 1.57:1 labeled units (abobotulinumtoxinA to onabotulinumtoxinA), but this result was extrapolated from a doseranging study on the extensor digitorum brevis muscle in each foot of volunteers. Facial muscles are distinctly different from other muscles in the body because they contain more than 1 neuromuscular junction per muscle fiber, 15 and this must be taken into account when comparing data from different studies, especially facial muscle results vs results from other muscles. Overall, these studies support the fact that higher doses of botulinum toxin type A are more efficient in producing greater FAE and fields of muscle effect with the commercial preparations. 3, 9 Isovolumetric injections of the same number of labeled units of abobotulinumtoxinA and onabotulinumtoxinA showed smaller FAE (less diffusion) in the abobotulinumtoxinA injection sites compared with onabotulinumtoxinA, suggesting that the size of the FAE or diffusion halos can be altered according to the dose used and the tested dose equivalence. However, abobotulinumtoxinA demonstrated the same directly measured effects on muscle activity as onabotulinumtoxinA, with no statistically significant differences between the WSS and ECMAP results observed. Similar effects on wrinkles and ECMAP produced by both products at the same labeled unit dose is an interesting finding, even when interpreted in the context of this short-term (28 days) study. Because the effects themselves and their duration are also believed to be dose dependent, further studies using lower doses for cosmetic purposes are needed to provide more data on the duration of effect of lower doses of botulinum toxin type A products. However, studies 16, 17 have clearly demonstrated that the duration of effect is also dose dependent. In previous studies, differences larger than 0.30 cm for the horizontal diameter and 0.58 cm 2 for the area of the FAE were considered clinically relevant. 3, 10 In the present trial, the differences found between the 2 studied products at 28 days were 0.40 cm for the horizontal diameter and approximately 0.63 cm 2 for the area of the FAE (Figure 3 and Figure 4 ). Nevertheless, this should be more extensively studied to better understand the relevant aspects in aesthetic uses (mainly muscular effects) and among the different products, as well as the individual responses to the same labeled doses, which may affect the results in clinical practice.
Considering that no significant difference between abobotulinumtoxinA and onabotulinumtoxinA was found for wrinkles with the 2:1 dose equivalence used previously for ECMAP and FAE and that with the 2.5:1 dose equivalence a higher diameter, ECMAP, and FAE were found for abobotulinumtoxinA, 3 this study supports the observation of Karsai and colleagues 18, 19 that the size of the FAE is simply a dose effect as opposed to the claims that one product diffuses more than the other.
In conclusion, onabotulinumtoxinA has significantly larger FAE than abobotulinumtoxinA when isovolumetric injections of the same labeled unit doses of the products were injected, supporting the theory that the FAE is mainly related to the dose used in clinical practice and equivalent ratios in clinical trials. Both products had similar results for cosmetic use and muscular effect after 28 days. The results of this study open new horizons for the use of smaller doses of toxins for cosmetic purposes. Longer studies are needed to examine this approach.
